Context: Global environmental change and disasters pose several challenges to governments, society and science. These challenges occurred in social contexts were information and communication technologies can be used to share data and information, engaging citizen scientists in multidirectional and decentralized knowledge creation initiatives. Often referenced as participatory (or people-centered) early warning systems, this has been of a great potential to improve decisions taken by both emergency institutions and exposed and/or affected communities. Several methodologies have been proposed, mainly in natural science, redefining traditional ways of transferring knowledge about scientific process to the public.
INTRODUCTION
In 2016, the United Nations International Strategy for Disaster Reduction (Unisdr) conducted an international conference to discuss the role of Science and Technology (S&T) on the implementation of the Sendai Framework for Disaster Risk Reduction 2015 -2030 . The 2016 S&T Conference aimed to find pathways to expand science's impact on disaster risk reduction (DRR) strategies, building networks among practitioners, policymakers and scientists from different fields of knowledge and expertise (Aitsi-Selmi et al., 2016) . One of the working groups focused on how to coordinate the agenda of disaster risk science with the requirements of innovation in interdisciplinary methods, robust data collection, tools and better communication systems, especially in early warning system (EWS).
The most updated definition of EWS provided by United Nations International Strategy for Disaster Reduction [UNISDR] (2016) framed it as an integrated system that comprises disaster risk assessment, hazard forecast, prediction and monitoring, risk communication and emergency preparedness activities. As a set of capacities, data, information and knowledge that allow the early action of individuals and communities exposed to hazards to prepare and evacuate in an appropriate manner and in adequate time to reduce the likelihood of loss of life, personal injury, losses and damages (United Nations International Strategy for Disaster Reduction [UNISDR], 2009). EWS then should combine four complementary elements-risk knowledge, monitoring, communication of warnings, and response capability (United Nations International Strategy for Disaster Reduction [UNISDR], 2005 [UNISDR], , 2006a [UNISDR], ,b, 2015 . The scientific literature has been adopting two main approaches of EWS -the "last mile" (hazard-centered and top down) and "first mile" (people-centered and bottom up) (Basher, 2006; Thomalla and Larsen, 2010; Garcia and Fearnley, 2012; Villagrán de León, 2012; Kelman and Glantz, 2014) . This work will lie on the "first mile" approach, focusing on people-centered EWS (United Nations International Strategy for Disaster Reduction [UNISDR], 2005 [UNISDR], , 2006b , community early warning systems -CEWS (International Federation of the Red Cross and Red Crescent Societies [IFRC] , 2012), community-centric EWS (Baudoin et al., 2016) , community-based EWS (Macherera and Chimbari, 2016a) , participatory EWS (Baudoin et al., 2016; Marchezini et al., 2017) .
There is a growing recognition that "last mile" approach is not sufficient to reach the aims of EWS. The EWS' working group of Unisdr S&T Conference, for instance, stated that despite the improvements in remote sensing technology, space-based satellite systems and computer technology for observing, comprising real-time data collection, modeling capability and dissemination of information, communication still needs to be critical to the success of EWS (AitsiSelmi et al., 2016) . Remembering the critics about the EWS' failures during the 2004 Indian Ocean Tsunami (Kelman, 2006) -when around 230,000 people died -researchers stressed the importance of people-centered approaches and the need to identify capacities of different countries for EWS implementation. Not only the international, regional and national partnerships were stressed as important, but also the local level capacity to ensure involvement and ownership in EWS. More specifically, the need to consider the user voices from across society and engaging them in EWS were highlighted as essential (Aitsi-Selmi et al., 2016) . However, as we will discuss in the section 2 of this paper, there are many forms of engagement and participation in these people-centered approaches.
Although previous studies have stated that Unisdr lacks explicit means for implementing people-centered approaches and bottom-up design (Nguyen et al., 2009; Paveglio et al., 2010; Garcia and Fearnley, 2012; Zia and Wagner, 2015) , the 2016 S&T Conference did not mention the need of research to discover how to promote people-centered EWS (AitsiSelmi et al., 2016) . Some working groups recognized the need of bottom-up and participatory approaches in disaster risk research, and considered that such collaborations to co-producing knowledge "could include (but are not limited to) the incorporation of indigenous perspectives and knowledge and using a variety of 'citizen science' programs" (Aitsi-Selmi et al., 2016, p. 18) . Citizen science refers to the engagement of the public in data collection, data analysis, information sharing, and knowledge co-production (Teschenhausen, 2015) . However, there are different forms of participation (informing, consulting, co-creating etc.) and models of cooperation in citizen science (contributive, collaborative, co-created) (Bonney et al., 2009) .
On a technological perspective, efforts have been concentrated on developing systems, methodologies, and approaches rather than understanding citizens' requirements or ways of better engaging citizens in EWS (Villagrán de León et al., 2006; Quansah et al., 2010; Kou and Wu, 2014; Horita et al., 2017) . In contrast, practice and research still lack studies that investigate how citizens can be involved in citizen science to support early warning systems. This is important because local citizens are the true first responders to mobilize during emergencies and they have a critical role in saving lives and to render assistance to those in need (Glantz and Ramírez, 2018) . This paper provides a social science framework to determine the elements of how citizen science and participatory early warning systems can be bridged. For doing so, we conduct a review that examines the existing literature on citizen science and disaster management, in particular, those focused on social science and participatory approaches for early warning systems, complementing previous systematic review of community-based EWS (Garcia and Fearnley, 2012; Macherera and Chimbari, 2016a) . This paper is structured as follows. Section 2 provides the theoretical background about the two main approaches of EWS, forms of engagement and participation, and models of cooperation in citizen science. Section 3 then describes the research methodology, while Section 4 details the study results. Section 5 discusses these results and introduces the social science framework. Finally, Section 6 draws some conclusions and final considerations.
THEORETICAL BACKGROUND Early Warning Systems
EWSs are a social process with diverse levels of complexity, vulnerabilities and capacities due the varied political and socioeconomic contexts where they work (Garcia and Fearnley, 2012; Michoud et al., 2013; Kelman and Glantz, 2014; Lumbroso et al., 2016) . Moreover, there are different characteristics, types and frequencies of hazards (rapid, slow) and variations in spatial scale (local, regional, national, and global) , besides the number of stakeholders involved in the EWS (civil authorities, enterprises, scientists, media, communities, practitioners, and technicians).
Gray and scientific literature have some consensus regarding the importance of the four components of the EWS: risk knowledge, monitoring, communication and response capability. However, the different approaches regarding each of the four axes imply diverse definitions. In this paper, we consider risk knowledge as a systematic data collection and analysis of hazards and vulnerabilities -physical, social, economic, and environmental -that merge in risk scenarios subject to changes in the short and long term . Monitoring implies the capacities for collecting dynamic data and information and for analyze them on the basis of prior knowledge to take decisions. Communication is the process of sharing data, information and knowledge about the risks and warning situations. Response capability is the preparedness capacity to know how to act and is often rooted in resources, skills and networks that stakeholders have. Local governments, for instance, can be more capable when hold sufficient personal, clear structure, proper tasks, delegation and division of labor within the organization (Kusumasari and Alam, 2012) .
The traditional conception of EWS conceives it as linear chain with emphasis on risk prediction, monitoring and warning issuance (Basher, 2006) . In this approach, EWS are frequently operated by regional or national agencies in charge of risk diagnosis and dissemination of alerts to local authorities and stakeholders. This one-way course is named as the "End-to-End" model (Basher, 2006) and does not directly engage with the users of the EWS in the four-interrelated elements. In this one-way chain, the strong links are technological in nature (risk knowledge and monitoring) whereas communication and response capability are the weak links (Garcia and Fearnley, 2012) . This approach has also been named as "last mile, " because people are the last to be involved in the system. In this top-down approach, people are not at the center of the social process. The technical equipment (for example, radar and rainfall gauges) detects a hazard and issues alerts to vulnerable people, who are not viewed as being supplied with information and knowledge, or endowed with applicable wisdom. This approach assumes that all the relevant data, information, and knowledge are outside the local communities, placing emphasis on technological and scientific factors. For instance, the checklist of United Nations International Strategy for Disaster Reduction [UNISDR] (2006a) about EWS implementation states the monitoring is the core of the system, but did not cite the importance of participation in this component of EWS.
Other conceptions advocate for more participation in each of the four interrelated components of EWS, and are named the "first mile" approach because put people at first in designing and operation of the system. In this "horizontal" model, multiple stakeholders must be in dialog and cooperation at every phase of the process (Gaillard and Mercer, 2012) . To make this approach effective, system planners must comprehend the different types and degrees of vulnerability and capability of people. In other words, the EWS must consider who are the people and examine the interconnection of social dimensions such as human mobility and demographic characteristics, occupation, religion, culture, language, gender relations, sexuality, ethnicity, race, age, persons with disabilities, refugees, livelihoods and environmental change over time. Gender, for instance, means "the socio-culturally and politico-economically constructed roles and responsibilities ascribed to men and women, girls, boys and members of sexual and gender minorities, which change over time, are context-and history-specific, and are inseparable from power relations" (Mustafa et al., 2015, p. 2) . Gender relations shape differentiated access to rights and resources -healthcare services, education, transportation, access to information -, and will define, for example, our ability to prepare, cope with, and "be resilient or not" in the wake of hazards.
" (Mustafa et al., 2015) , community-centric EWS (Baudoin et al., 2016) , community-based EWS (Macherera and Chimbari, 2016a) , participatory EWS (Baudoin et al., 2016; Marchezini et al., 2017) .
Community-based early warning system (CBEWS) is defined "as one in which the communities participate in hazard identification and the formulation of the warning system, and not merely reacting to a warning at local level" (Macherera and Chimbari, 2016a, p. 3) . According to Macherera and Chimbari (2016a, p. 9) , for the International Federation of Red Cross and Red Crescent Societies (IFRC), the term "community"-based early warning systems "does not really imply community participation, but may mean a system that is based at community level but implemented by other agencies". International Federation of the Red Cross and Red Crescent Societies [IFRC] (2012, p. 13) states that community early warning systems (CEWS) is better because "is understood to be an effort by or with, but not for, a community to systematically collect, compile and/or analyze information that enables the dissemination of warning messages that when actionable can help the community (or others 'downstream') reduce harm or loss from a hazard (or threat) event (or process)". Inspired by this IFRC's definition, Baudoin et al. (2016, p. 164) proposed the concept of "community-centric" EWS (CCEWS) which is defined as initiatives by a community "to collect information for hazard risk detection, to enable the dissemination of warning messages among at-risk groups, and to facilitate the implementation of emergency plans or responses that can help the community reduce harm or loss from a hazard event".
For Baudoin et al. (2016) , CCEWS is a system initiated and conducted by its beneficiaries, grounded in the local level, and a response to the gaps in the "End-to-End" model. For these authors, the common participatory principles to guide CCEWS are the need "to understand local context, integrate local knowledge, and take account of individual motivations when planning and implementing risk management activities" (Baudoin et al., 2016, p. 166) .
Based on a gray and scientific literature review about CBEWS on Google scholar electronic search engine, Macherera and Chimbari (2016a) stated that NGOs have nurture the development of CBEWS. The authors identified several examples of CBEWS, as well as analyzed step-by-step guides elaborated by NGOs. The researchers pointed out several gaps regarding EWS' definitions adopted by organizations, such as the lack of specification about the source of the warning, and misunderstandings of how early a warning should be issue, since it depends not only on the hazard's characteristics, but on the degree of people's capacities to prepare and cope with risks. Moreover, they stated that definitions often emphasized the need of community participation in the EWS' development, but they do not qualify the extent of engagement or types of participation (Macherera and Chimbari, 2016a) .
The next section will discuss about types of participation, considering that despite their different names, these peoplecentered initiatives have participation as their basic element. Perhaps these diverse types of participation can be used differently in the four-interrelated elements of EWSs, increasing gradually the involvement of people in their designing, implementation and operation.
Participation
Currently social participation is a prominent element in the formulation and implementation of public policies, as it generates greater legitimacy to the process and strengthens governance (Olivato, 2013) . It is possible to view participation as a means of mobilizing the subjective knowledge of those affected by climate change and disasters potentially overcoming senses of alienation, apathy or powerlessness.
Social participation refers to the appropriation by individuals of their right to democratic construction of their own destiny. The outcomes depend upon collective organization, providing spaces of discussion within and outside the boundaries of the community for developing strategies for action and the dialog with the public authorities (Tenório and Rozenberg, 1997) . Moreover, participatory processes involve overcoming consolidated power relations and ensuring the exercise of citizenship, particularly concerning people in a situation of greater socio-environmental vulnerability (Loureiro and Layrargues, 2013) .
To guarantee participatory effectiveness, that is, to produce a favorable outcome, it's essential to ensure the representativeness of various groups of stakeholders, within a transparent decision-making process that provides access to knowledge to all groups involved or affected (Jacobi and Franco, 2011) . Santos (2004) points out that participation will only be effective if the community involved is not considered as an object but as subject of the process. According to Dyball et al. (2009) , social actors' participation can range from coercion (passive participation, as just representing some group) to co-acting (active participation) (see Table 1 ).
One lesson learned from Hyogo Framework for Action (HFA) is the need to focus on "meaningful participation of relevant stakeholders at appropriate levels" (United Nations International Strategy for Disaster Reduction [UNISDR], 2015, p. 6). Sendai Framework (SFDRR) states that DRR requires an "all -of-society engagement and partnership, empowerment and inclusive, accessible and non-discriminatory participation, paying special attention to people disproportionately affected by disasters, especially the poorest" (United Nations International Strategy for Disaster Reduction [UNISDR], 2015, p. 8).
Concerning specifically community-based disaster risk management (CBDRM), there are several initiatives and forms of participation (Maskrey, 2011) , as well as different barriers to citizen engagement, such as gender inequality (Mustafa et al., 2015) , lack of transparency, confidence, financing and ownership (Šakić Trogrlić et al., 2017) . Preuner et al. (2017) , for instance, examines how responsibilities can be shared among the residents, experts, and public authorities during the design and operation of landslide warning systems in Austria. The findings of this case study indicate the need to think carefully about the views, conflicts and different concerns of stakeholders. The authors stated that deliberative planning does not naturally result in sharing responsibilities, once the audience can have different opinions about their own engagement in the control and maintenance of the EWS. However, the deliberative planning was an effective platform for information and for shared ownership in the EWS (Preuner et al., 2017) . 
Level Power relationships Type of participation

Active
Participants set their own agendas. Learnings occur through the negotiation of ways to carry them out actions in collaboration and power shifts depending on the negotiations.
Co-acting
Participants use different forms of knowledge to integrate new understandings. They define common agendas, share responsibilities within existing institutional and social setting and constraints.
Co-creating
One group takes the initiative and power for enticing other groups to act. They may set jointly issues such as agenda and priorities.
Enticing
One group (often the government) searches information from different groups, but decides on the final project.
Consulting
Information is usually just formal, in a one-way flow. It uses technical language and people often feel intimidated to express their views.
Informing Passive The will of one group is effectively imposed upon the other. People cannot give opinions nor defend their interests.
Coercing
Source: adapted from Dyball et al. (2009) .
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Information sharing, crowdsourcing and community disaster mapping can be interesting ways of promoting this deliberative planning in EWS. Indigenous, traditional and science-based knowledge can be connected with technology to contribute to risk detection and monitoring (Baudoin et al., 2016) , and to reduce community vulnerability to hazards (Mercer et al., 2010) , especially in areas of the world where open source data collection and mobile phone use are increasing (Baudoin et al., 2016) . Citizen science approach can a useful way to foster participation in EWS. Next section will discuss models of cooperation in citizen science.
Citizen Science
The term citizen science is new. It arose in the Oxford English Dictionary in 2014. Defined as the engagement of members of the general public in data collection and analysis, usually as part of a collaborative project with professional scientists (Bonney et al., 2016) , citizen science has been used in different ways. Some authors consider that it involves a situation in which people use scientific methods to investigate phenomena without any institutional cooperation of scientists (Heiss and Matthes, 2017) . Others understand citizen science as a transdisciplinary collaboration between professional scientists and volunteers who are responsible for collecting data and sometimes analyze it, producing an educational outcome (Bonney et al., 2009 ). However, not all citizen science initiatives realize these two goals to the same degree (Heiss and Matthes, 2017) . Bonney et al. (2016) stated that Oxford's definition does not capture the richness and diversity of citizen science initiatives. For example, it disregards the fact that citizen science supports projects in which audiences participate in tasks beyond collection and analysis of data; projects in which volunteers work not only in teams but also by themselves, with or without the collaboration of scientists; projects that are human-focused rather than ecologically focused; projects that emphasize issues raised not by scientists but by communities; and certainly more types of participatory science that are yet to be imagined. The involvement of social science research projects in this topic, for instance, are still hard to find (Heiss and Matthes, 2017) .
The methods and conditions under which citizen science projects can effectively engaging public participants in research remains a key challenge in the field (Bonney et al., 2016) . There are at least three models of cooperation in citizen science initiatives (Bonney et al., 2009 ): -contributive model: volunteers contribute to data collection only; -collaborative model: volunteers get engaged in data collection, analysis and interpretation; -co-created projects: volunteers define the research question and design and are also involved in all phases of the scientific process, including collection, analysis and interpretation of data and information.
These three models of cooperation in citizen science (Bonney et al., 2009 ) are very similar to three approaches identified by Giordano et al. (2010) regarding the using of local audiences for environmental monitoring, namely: volunteer monitoring (citizen involvement in data collection), collaborative monitoring (data collection and analysis to help decision making), and community-based monitoring (active involvement in the design and operation of the monitoring program) (Giordano et al., 2013) . Once EWSs comprise at least other three interrelated axes -risk knowledge, communication and response capability -, it is important to identify and design citizen science initiatives considering contributive, collaborative and/or co-created models, different types of hazards, vulnerabilities and capacities, as well as types of participation according to the variety of audiences.
Disaster risk reduction projects based on citizen science are a challenging area for researching and policymaking. Stone et al. (2014) , for example, reported interesting findings about community-based volcano monitoring in Ecuador and showed how observational data provided by volunteers were used by scientists and essential for EWS. This citizen science project around volcano Tungurahua was based on a collaborative model where volunteers contribute to data collection, analysis and interpretation. The volunteers "were given basic training from the scientists about what to observe, how to describe phenomena and how to communicate with OVT [Tungurahua Volcano Observatory]" (Stone et al., 2014, p. 7) . The identification and analysis of other citizen science initiatives on EWS are an important step to put in place the Unisdr's recommendation of building people-centered EWS (United Nations International Strategy for Disaster Reduction [UNISDR], 2005 [UNISDR], , 2015 . Next section details the methods used in this research.
RESEARCH METHODOLOGY
The objective of this article is to determine elements that bridge citizen science and participatory early warning systems. For doing so, we conducted a literature review that was routed on principles of systematic literature reviews (SLR) and systematic mapping studies (SMS). The former is a means of evaluating and interpreting all the studies available in the literature about research questions, field area, or phenomenon of interest (Kitchenham and Charters, 2007) . While, SMS analyzes relevant studies in order to get an overview of an area or theme (Petersen et al., 2008) . Reviews that employ this method often aim to answer broader research questions than SLR that is more delimited and bounded. Both methods have their individual and specific set of characteristics and principles that may be not suitable for all types of literature review. That is why we adopted a combination of them, i.e., the rigor and well-defined methodological steps of SLR with the comprehensiveness of SMS. All elements that guided the literature review were established in a previously predetermined protocol, which was defined after three sessions of discussions among the authors. These elements are presented in the next sections.
Research Goal
One of the most important elements when conducting a literature review is the establishment of the research goal. This should comprise not only the description of goal, but also the research scope, as well as the reasons of why the review is relevant and for whom. We thus adopted the goal definition template for supporting "the definition of measurements goals by specifying purpose (what object and why), perspective (what aspect and who), and context characteristics" (Basili, 1994) . 
Search Strategy
On the basis of the research goal, we delineated the search strategy that comprised the selection of sources for obtaining the primary studies, the establishment of inclusion and exclusion criteria and search string, and the definition of the search procedure.
Source Selection
We decided to conduct the literature review on well-known journals in the area of disaster risk management as many venues
are not yet indexed in automated digital libraries. Furthermore, we aimed at not only identifying studies that cover the whole extent of the context defined for the research goal, but also to obtaining high-quality articles. The criteria adopted in this work were manifold: (i) the frequency of publications (i.e., the number of publications per period); (ii) research themes covered by the venue (i.e., the themes of interest were those related to the research goal); and (iii) availability of publications (i.e., the article should be available to download). We focused only on journals that published research works in English. of disaster analysis like environmental modeling and physical aspects of disaster events, they have been also publishing works that are of particular interest to our work. The selection of sources was carried out by a sociologist with expertise in disaster prevention and EWS. His work was developed in collaboration with a computer scientist with experience in conducting systematic literature reviews focused on information systems and collaborative systems for DRM.
Inclusion and Exclusion Criteria
Having selected the sources for analysis, we mapped all situations in which a primary study would be selected to our literature review. The study selection was then summarized in a set of filtering criteria, i.e., inclusion and exclusion criteria. The primary study is included if: (1) it proposes approaches to use citizen data in the context of EWS; or (2) it reports both scientific and practical experiences of participatory early warning systems. In contrast, a study is excluded in the following situations: (1) it is not written in English; (2) it is not available online; (3) it is duplicated; (4) it is not related to early warning systems; (5) it is not related to citizen science, or participatory data; (6) it is a previous version of a more complete study about the same research; (7) it is an editorial, position paper, keynote, opinion paper, tutorial, poster or panel; (8) it is a secondary study (e.g., reviews, surveys, and SLRs). The first two authors of this work were responsible for establishing and defining these criteria.
Search String
Since this article aims at investigating the linking of citizen science and participatory early warning systems, we selected four main keywords, "citizen science, " "early warning systems, " "natural hazard" and "social science." These were then associated with their related synonyms. The final search string is: ("participatory" OR "citizen science" OR "people-centered" OR "community-based") AND ("early warning system") AND ("natural hazard" OR "disaster management" OR "disaster risk reduction") AND ("social science").
For evaluating and refining the defined elements, the first two authors conducted a pilot study that was focused on analyzing the title, abstract, and keywords of articles returned in the first page of a search in the Scopus. This search was carried out utilizing the search string, while the selection of studies employed the inclusion and exclusion criteria. After the pilot study, both authors have agreed that no additional modifications would be necessary in the established criteria or in the search string.
Data Extraction
With the aim of answering the research questions proposed in this work, a set of items were defined to be extracted from the selected primary studies. Table 4 presents the extracted items.
For extracting data, each selected study was read in full by one of the authors, which was also responsible for identifying and extracting the data. Only items I10 and I11 had predetermined alternatives to selecting, i.e., "co-created projects, collaborative model, contributive model, no, or others" for I10 and "Co-acting, co-creating, coercing, consulting, enticing, or informing" for I11. The remaining items were all open-text fields. The I10 
Search Procedure
Based on the inclusion and exclusion criteria, search string, and data extraction, we defined a search procedure for selecting primary studies and later answering the research questions. This procedure comprises three sequential phases: (a) searching studies on selected journals (Phase 1); (b) selecting studies based on inclusion and exclusion criteria (Phase 2); (c) analyzing and extracting relevant information of selected studies (Phase 3). To start with, the search string was applied in each of the selected source listed in Table 3 , searching the keywords and their synonyms in the title, abstract and keywords of primary studies. As mentioned previously, we considered only those studies published between 2005 and 2018 (June). Furthermore, in only one case, we had to customize the string before applying it. Environmental Hazard journal requires the inclusion of specific metadata 1 . All primary studies returned by the searching process This work adopted as a tool, the Parsifal 2 , which supports the conducting of SLR.
During the second phase, the set of imported studies was analyzed taking as a basis the inclusion and exclusion criteria. Here, we still rely only on the title, abstract and keywords of the studies. When necessary, the introduction and conclusion of a study were also read and analyzed. As a result, a list containing only those studies considered potentially relevant would be generated.
Finally, all studies selected in the previous phase were read in full-text and still analyzed based on the inclusion and exclusion criteria. This analysis was important as the title and abstract of some studies may not reflect clearly the developed work so they should not be considered for data extraction. This phase also included the extraction of all data relevant to answer the proposed research questions. Figure 1 depicts the search procedure with a number of studies per phase.
From an initial set of 408 studies, a total of 125 were selected for data extraction; this represents almost 1/3 of studies, or 30,64%. During data extraction, other 32 articles were excluded. At the end, 93 studies (22,79%) were selected for our final analysis. It is also worthwhile to mention that we did not have duplicated studies as we conducted the review on individual journal instead of indexed/automated databases.
RESULTS
This section first details the characterization of the selected studies that comprises the number of studies per year, per selected source, and per country of affiliations. Following, it presents the study results of this literature review focusing on those relevant to answer the research questions. The list of selected studies is available as a Supplementary Material. 
Studies Characterization
Our research reveals an increasing tendency of published articles about EWS during 2005-2018 (Figure 2) . Interestingly, the two tipping points in this whole period occurred in 2010 (9 articles) and in 2016 (15 articles). Maybe the Hyogo Framework for Action (HFA), published in 2005, and the Sendai Framework for DRR (SFDRR), adopted in 2015, have influenced research agenda, since Unisdr provided substantial recommendations regarding EWS (2005; 2015) . Even the creation of new journals covering disaster risk management issues would have influenced these numbers.
Four of the nine journals analyzed in this study (Table 3 ) were created after HFA and have important percentage of the selected publications (Figure 3) , as well as are ranked with high JRC Impact Factor. For instance, International Journal of Disaster Risk Reduction-IJDRR (created in 2012 and JCR Impact Factor = 1.968) has similar percentage of selected studies (5,38%) when compared to Disaster Prevention and Management-DPM (created in 1992 and JCR Impact Factor = 1.060), which has 7,53% of selected studies in this paper (Figure 3) . International Journal of Disaster Risk Science-IJDRS (created in 2010 and JCR Impact Factor = 2.225) has 12,9% of selected studies. Three journals created before HFA represent 67,74% of selected publications (Natural Hazards = 29,03%; Environmental Hazards = 21,51%; and Disasters = 17,2%) (Figure 3) . This paper does not want to explain the reasons of these differences -which can be diverse, such as open access policy, aims and scope of each journal etc. Our purpose is to show briefly the landscape of this field to understand how citizen science can be inserted in participatory early warning initiatives.
Other important aspect for planning the expansion of research networks and capacity building of human resources in EWS agenda is the author's affiliation per country (Figure 4) . Of the selected articles, there are authors and co-authors affiliated in organizations of 29 countries (Europe: 12; Asia: 9; Africa: 4; Americas: 2; Oceania: 2). 49,46% (46) have authors and co-authors affiliated in organizations from United States (13 articles), Japan (12 articles), United Kingdom (11 articles) and Australia (10 articles). Organizations from Europe are represented in 38,7% (36) of the 93 papers selected, while organizations from African countries are in 8,6% (8) of them. It is important to highlight that there are researchers and/or practitioners affiliated in more than one organization, and this multi-affiliation was not excluded. We also consider Taiwan as a country to respect the author's opinion.
Characterization per Areas of Study and Types of Hazards
In regarding to the first research question (RQ1) proposed in this paper -about the studied areas -43 countries were analyzed in the 93 selected papers (Figure 5 ) -only in 5 papers (5,37%) were not possible to identify the country that was studied, because articles focused on regional scope, and/or prioritized consultations with stakeholders from different countries around the world, and/or gathered data and information through participatory workshops during international conference on DRR. This represents a high diversity of study areas in which the research works have been developed. It is also important to point out that many studies did comparative analysis involving two or more countries. Asian countries, for instance, were studied in 55,91% (52) of these 93 studies. By no surprise, the first five study areas were all countries affected by hazardous events in the last years, 2009 Earthquake in Indonesia, 2012 Typhoon in the United States, 2011 Tsunami Other important element of this characterization is the type of hazard in the selected publications. Floods represent the more frequent hazard studied during the period 2005-2018 (Figure 6 ) and the higher percentage (29%) of the selected studies, followed by tsunamis (13%) and droughts (9%) and tornadoes (9%) (Figure 7) . Other interesting finding is the diversity of hazards discussed, from landslide to public health threats. In 2016, there were selected articles discussing EWS for different types of hazards (multihazard, floods, tornado, tsunami, earthquake, wildfire, drought, malaria, and landslide) (Figure 6 ).
Characterization per Types of Participatory Approaches and Models of Cooperation in Citizen Science
In regarding to the types of participation, it is important to point out that during the searching studies we identified 408 results. 283 studies (69,36%) were excluded because they were not related with early warning system or participatory data (Phase 1, Figure 8) . 125 papers were evaluated during data extraction and analysis (Phase 3, Figure 8 ) and another 32 studies were excluded, mainly because they were not related with participatory data (56,25%). In general, these excluded studies used data to compose indexes of vulnerability, exposure, resilience, but this data is not collected with people.
Of 93 studies selected, the majority (84,95%) reported participatory experiences in a consultative way, i.e., through surveys, interviews, questionnaires. These studies evaluated opinions of different stakeholders regarding EWS, evacuation behavior, risk perception about warning information etc. The findings indicate that 15,05% (14) of selected studies (93) dealt with citizen science (Figure 9) , through data collection and analysis. The model of cooperation (Bonney et al., 2009 ) most used was collaborative (11 articles), followed by contributive (2) and co-created (1).
DISCUSSION
In the days following the Tsunami of 26 December 2004, the Secretary-General of United Nations, Mr. Kofi A. Annan (in memoriam), called for the development of a global EWS for all natural hazards and communities, and a global survey was launched to assess the capacities, gaps and opportunities (United Nations International Strategy for Disaster Reduction [UNISDR], 2006b). One of the most important issue highlighted by the Secretary-General was the need of participatory approaches in EWS and, almost 15 years later, this paper provides evidence that further investigation is still necessary. From an initial set of 408 studies published in well-known journals in the area of disaster risk management (DRM), only 14 (3,43%) articles were related to citizen science and P-EWS, which indeed indicate that much effort is needed to disseminate what is citizen science and how it can be mainstreamed in DRM field.
Hence, this paper contributes to this debate on P-EWS by (1) linking it to citizen science models of cooperation (Bonney et al., 2009) , as well as by (2) identifying how existing works cover citizen science projects and P-EWS. These contributions have been done through the identification of three key issues that were raised from the literature review and then the establishment of a framework for enhancing reflexivity about P-EWS and citizen science. 
DRM Actions Should Recognize the Importance and Usefulness of Citizen Data
Analyzing the case of Pakistan, Mustafa et al. (2015) stated that there is little room in the data-acquisition protocols of the Pakistan Meteorological Department (PMD) to include citizen or non-governmental based data collection. This is interesting as many meteorological services around the world have been educating the public about meteorological data collection. The authors stated that "the very basic principle of involving citizens in meteorological data collection and processing would be one important step toward not only expanding the data network but also improving public awareness and risk knowledge" (Mustafa et al., 2015, p. 15) .
Another interesting case was reported in Malawi. Šakić Trogrlić et al. (2017) noted the installation of water level and rainfall gauges as a part of community-based EWS, where communities are trained to operate equipment, communicate warning messages, and also act in extensive reafforestation programs. According to the authors, there are practical EWS participatory experiences reporting that rainfall data collected by communities are not being stored by the Meteorological Services (Šakić Trogrlić et al., 2017) . In the same manner, Horita et al. (2018) , through a qualitative analysis of decision-making in monitoring control room, showed the importance of data from the communities as a supplementary source of information. This is more relevant and important when official data sources are insufficient, non-existent, or not well calibrated, which thus may lead to "operators deciding 'in the dark' without knowing the 'real' situation in the area; this occasionally may lead to devastating consequences due to a wrong decision" (Horita et al., 2018, p. 29) .
Not only policymakers, scientists and practitioners can be unaware of what is citizen science, but sometimes citizens do not know that an EWS exists or even they do not consider why they should participate in EWS. Through participatory rural appraisal techniques that combined focused group discussions, Nguyen et al. (2009) stated that 86% of community members of Svay Rieng province, Cambodia, believed that they personally had no role to play in the dissemination of early warning for droughts. In another pilot study, but at Lake Trasimeno, Italy, Giordano et al. (2013) stated that local residents perceived institutional monitoring and management actors as having a central role and have not considered themselves as potential sources of knowledge to develop a community-based strategy to monitoring droughts.
But there are places where formal EWS are absent or largely malfunctioning, and citizen engagement is not a matter of choice. During Typhoon Morakot in Taiwan, several residents of mountainous villages in Kaohsiung city had to rely on their own capacities to evacuate from debris-flow prone areas. Only 13.8% of the residents received institutional (official) alerts, whereas 86.2% of households had to be confident of their knowledge and impressions to identify the onset of debris-flows -73% had no experience in disaster education or previous disaster (Luo et al., 2014) . Beyond the EWS failures due to damaged communication infrastructures, many village mayors re-assessed alerts from higher authorities and did not forward warnings and evacuation orders to the people. According to Luo et al. (2014) , the crucial point is that the current EWS system in Taiwan does not permit the engagement of people, especially in CBDRM initiatives.
DRM Should Be More Grounded in Citizen Science, Interdisciplinary and Transdisciplinary Works
We identified that 84.95% of selected articles reported EWS experiences in a consultative way (Figure 9 ), searching occasional information from different groups through surveys, interviews etc. New strategies are necessary to promote the use of participatory methodologies of co-producing of data, information and knowledge that matter for citizens and practitioners. There is a richness of participatory methods and tools to enhance the development of CBDRM (Maskrey, 2011) . Interdisciplinary methods, such as developed by social volcanology (Donovan et al., 2012) , permit to understanding how different cultures influence the local community actions during eruptions. Using ethnography to analyze the EWS functioning during 2006 eruption at Mt Merapi, Indonesia, Donovan et al. (2012) stated that local people refused to evacuate because they had not received the traditional warnings which include forest animals descending from the summit regions into the villages, an increase in rock falls, a change in plume direction, dreams or premonitions. The authors mapped these and other information and included them in GIS platform to subsidize EWS activities. Diverse types of indigenous EWS were reported in Philippines (Hilhorst et al., 2015) , India (Panda, 2016) , Zimbabwe (Macherera and Chimbari, 2016b) . There are important actions to bridge indigenous EWS and citizen science, such as the inclusion of social scientists in interdisciplinary and transdisciplinary EWS' teams, the promotion of researches about cultural norms and traditional forms of knowledge, and the identification of types of scientific and traditional data that can facilitate communication and capacity building according to types of hazards and vulnerabilities. For instance, hydrology and water management have been dialoguing about methods, technologies, experiences and types of data (precipitation, water quality, water use etc.) that can be collected, analyzed and shared in different levels of engagement in citizen science projects (Buytaert et al., 2014) .
In Zimbabwe, an interesting community-based malaria EWS framework was developed to integrate indigenous knowledge and the conventional health system (Macherera and Chimbari, 2016b) . Using participatory rural appraisals and workshops, communities made a trend analysis of malaria from 1970 to 2011 and that of temperature and rainfall from 1960 to 2011. To foster their risk knowledge and monitoring capacity, they were asked to construct malaria calendars with its causes and the season of occurrence. During focus group discussions (FGDs), the indicators used by the community to predict the occurrence of malaria were documented. FGDs indicated that the behavior of lions and elephant can be used as indicators for malaria. Communities stated that whether elephants or lions pass through the villages at night during the month of September, it means that the coming malaria season is going to be bad (Macherera and Chimbari, 2016b) . After documenting this and other indicators (wind patterns, direction and variation etc.), participants agreed who would be the volunteers willing to carry out observations and monitoring. The group of observers also included women and caregivers at the household level. These FGDs also planned the third axis of EWS -risk communication. They determined that communication of the indicators should be two directional -from the observers to the general population and also from population to the observers. The warning should be communicated to the people through the village health workers, the observers and the health workers. This example of citizen science initiative fits into the collaborative model of cooperation because volunteers get engaged in data collection, analysis and interpretation (Bonney et al., 2009) .
Other interesting case about landslide P-EWS was reported in Sri Lanka. The pilot project in the Matale district started in 2009 and engaged residents of landslide-prone areas in educational programs, training and evacuation drills. They were trained to daily monitoring of rainfall data in portable fiberglass rain gauges and educated on how to communicate data to their neighborhood (Baudoin et al., 2016) . The rainfall thresholds were marked in the rain gauges and colors (green, yellow, and red) were used to differentiate important measures and actions to be taken. For instance, the red threshold implies evacuation. This P-EWS experienced an emergency situation in October and November 2010, and "121 families used this method to evacuate to safer places during landslides" (Baudoin et al., 2016, p. 169) .
Heterogeneous Aspects of Citizenship and Science Will Demand Supplementary Actions in DRM
One crucial element that needs further research is how the different groups can be involved in P-EWS and citizen science initiatives according to the diverse cultures, political contexts and risk scenarios they face. Some of the selected studies pointed out the importance of taking into account gender issues. As stated previously in theoretical background, gender is related to the political, economic, social and cultural constructed roles and responsibilities imputed to women and men, girls, boys and members of sexual and gender minorities, which are inseparable from power relations, change over time, are context-and history-specific, determining social spaces and (non)availability of opportunities -influencing the vulnerability and ability to prepare, respond and recover (Mustafa et al., 2015) .
Discussing how to gendering flood EWS in Pakistan, Mustafa et al. (2015) shared important findings about citizen engagement. The authors stated that culturally appropriate and gender-specific EWSs need to go beyond blaring out a siren and tailoring risk messages. Afghan Abadi is home to around 5000 families, including ethnic Pashtuns from different provinces in Pakistan and refugees from Afghanistan settled for the last 30 years. While men are employed in the local market or as daily wage laborers, women's mobility is excessively limited due to a stricter understanding of purdah. As put by one respondent interviewed by Mustafa et al. (2015, p. 12-13) : "We are not allowed to go outside of our houses. We know about flood hazard from our men. There are announcements in the mosques but loud speakers do not work due to absence of electricity, we could not hear that warning (...) Even during floods women are not allowed to go outside the homes without the permission of the males. We find safe places inside the home to save ourselves. We cannot move anywhere without the permission of our husbands and for the fear of punishment". The impact of gendered norms on decision-making in EWS needs to be considered in the design of citizen initiatives. Important findings about EWS performance were reported during floods in Indonesia (Mulyasari and Shaw, 2013) , wildfire in Australia (Tyler and Fairbrother, 2018) and landslides in Colombia (Coles and Quintero-Angel, 2018) .
In Bandung, Indonesia, Women Welfare Associations (WWAs) have been mobilizing the community to engage in EWS. During the 2009-2010 floods, WWA was involved in monitoring water levels, disseminating risk information to communities through FM radio stations and newspapers, coordinating relief efforts etc (Mulyasari and Shaw, 2013) . Another participatory EWS experience involving women was reported in Manizales, Colombia. The program "Guardians of the Slope" hires female heads of household to communicate landslide risk to the residents and to maintain landslide-prevention infrastructure. The women guardians are also responsible for conducting door-to-door educational activities and also to share their knowledge with children and youth in school meetings (Coles and Quintero-Angel, 2018) .
Other crucial bridging point is considering age groups and intergenerational capacities in tailoring participatory EWS, including children (Muzenda-Mudavanhu et al., 2016) , youth (Fernandez and Shaw, 2013; Cumiskey et al., 2015; Marchezini et al., 2017) and elderly (Paveglio et al., 2010) . Some studies have produced a series of recommendations for enhancing youth participation (Fernandez and Shaw, 2013; Cumiskey et al., 2015) , as well as participatory methodologies to work with citizen science in the four elements of EWS with the help of school curricula . Despite of taking into account the vulnerabilities of these groups and developing pathways for including them in EWS, further research is necessary to consider other groups, such as migrants and refugees, because migrants represent 14% of global population and almost 200 million people were forced to move as consequence of disaster from 2009 to 2015 (Internal Displacement Monitoring Centre [IDMC], 2015; Guadagno, 2016) . Human mobility refers to the population movements -voluntary or forced, assisted or spontaneous, long-or short-distance, long-or short-term (Guadagno, 2016) . According to Guadagno (2016) , it is important to include migrants in EWS, fostering appropriate structures and procedures, as well as collecting data disaggregated by mobility status and other characteristics (gender, age, ethnicity etc.) . For instance, Stokoe (2016) highlighted the importance of putting people at the center of United States's tornado warnings and asked how to include the 11.2 million illegal immigrants in the EWS.
Framework for Enhancing Reflexivity About PEWS and Citizen Science
Based on the literature review on participatory EWS and citizen science, we provide a framework for enhancing stakeholders' reflexivity about EWS (Figure 10) . Reflexivity means the constantly monitoring, reexamination and reformation of social practices in the light of incoming information about them, altering their character (Giddens, 1990) . For Giddens (1990, p. 83) , "the nature of modern institutions is deeply bound up with the mechanisms of trust in abstract systems, especially trust in expert systems." EWSs are abstract systems that deal with uncertainties and fail, as exemplified in 2004 tsunami in Asia and Africa (Kelman, 2006) . To recover trust in EWS is essential to think about the types of participation (co-acting, co-creating, enticing, consulting, coercing, and informing) (Figure 10 ). Co-acting and co-creation permit that participants share their knowledge, set their agendas and negotiate ways, defining roles and responsibilities. Participatory approaches, such as Views from the Frontline methods (Global Network of Civil Society Organizations for Disaster Reduction, 2013; Gibson and Wisner, 2016) give voice to people and can offer important insights for designing EWS for multiple hazards and vulnerabilities. These types of participation open opportunities for models of cooperation in citizen science, such as contributive, collaborative or co-created projects (Figure 10) . These types of cooperation can involve different stakeholders, fostering transdisciplinary dialogs among experts, practitioners, communities, policymakers, as well as interdisciplinary methods for data collection and analysis, building integrated research, such as provided by Forensic Investigations of Disasters' method (Oliver-Smith et al., 2016) . These approaches and methods can involve each of four interconnected elements of EWS -risk knowledge, monitoring, communication and response capability. This reflexivity process should be people-centered, taking into account gender, age, ethnic, minorities and other important aspects of social life (Kelman and Glantz, 2014; Mustafa et al., 2015) . Mainstreaming EWS to consider different groups and sectors (Zia and Wagner, 2015) is a challenge that DRR community will face, and maybe citizen science can offer pathways to implement new initiatives among citizenspractitioners-scientists.
Limitations
Although this work provided a valuable framework for bridging citizen science and P-EWS, some limitations should be acknowledged. To start with, articles published in further journals should be reviewed in order to cover the whole extent of the literature in the theme. The review conducted on well-known journals in DRM aimed at raising the most valuable articles, but some other efforts may be left out. In the same manner, these reviews should also cover conferences in the themes; for example, International Conference on Disaster Response and Management (ICDRM), and Early Warning Conference promoted by Unisdr. Another potential limitation of this work might be that inclusion and exclusion criteria left relevant studies out of the final set of primary studies. The activities to mitigate this issue were the following: (1) a pilot study has been conducted in order to refine both these criteria and search string and (2) as several phases of the research methodology have been conducted by different researchers, a discussion session was conducted with the aim of aligning the elements of methodology (e.g., search strategy, inclusion and exclusion criteria, and data extraction form). The later was also particularly valuable and relevant to reduce the subjectivity of the analysis.
CONCLUSION
This paper has carried out a literature review of 93 selected articles which findings can support future actions related to P-EWS and citizen science. Study findings showed that there is a concentration of studies on Asian countries (55,9% of the selected studies), as well as the concentration of scientific production in organizations in developed countries (49,46% of selected articles have authors and co-authors affiliated in organizations from United States, Japan, United Kingdom, and Australia). Furthermore, results of this literature review provided evidence of the predominance of floods as the main hazard (29% of selected studies), and the low popularity of citizen science in well-known journals in the field of DRM. Based on these findings, it is important to enhance scientific meetings, capacity building and funding to foster research in less represented countries, building local and national capacity in research, policy-making and citizen engagement in P-EWS.
Moreover, it is essential to promote the use of participatory methodologies and to create mechanisms to monitor the implementation of P-EWS, taking into account the long-term effort involved in this type of initiative. The promotion of new agreements between donors and funding agencies to redesign the duration of the EWS projects and the types of scientific deliverables -less articles, more connection with local demandscould drive more implementation of P-EWS. Citizen science research programs on this issue can create new opportunities to connect people to think about disaster risk reduction and global environmental change.
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